After the addition of human T-cell lymphotropic virus type I (HTLV-I)-infected lymphocytes to enterocyte monolayers, the lymphocytes adhered via microvilli from both cell types and shed virus onto the enterocyte surface. Virus fused with the epithelial membrane and infected these cells as confirmed by electron microscopic immunocytochemistry, in situ hybridization, and amplification by polymerase chain reaction.
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Animal (18, 21) and human (1, 8, (10) (11) (12) 17 ) studies indicate that human T-cell lymphotropic virus type I (HTLV-I) may be transmitted via mother's milk, and in vitro studies suggest that cell-mediated transmission of this virus is more efficient (4, 5, 9, 15, 20) . The model described here was designed to study the mechanism by which virions might cross the gut epithelium.
The methods for cultivating 1407 enterocytes and chronically HTLV-I-infected MT-2 and EDS lymphocytes have been described previously (5, 9, 14) . Methods for coculture and electron microscopy (EM) were similar to those employed previously for human immunodeficiency virus-infected lymphocytic cells (14) . For postembedding EM label- ing, Lowicryl and immunogold were used as previously described (3, 19) . HTLV-I core monoclonal antibody (1260-02; Genzyme, Boston, Mass.) was diluted to an immunoglobulin G concentration of 5 p.g/ml. Goat anti-mouse immunoglobulin G conjugated to 10-nm gold particles (Amersham, Arlington Heights, Ill.) was used at a dilution of 1:30. In situ hybridization was carried out on air-dried cells fixed in Carnoys II for 10 min by using a biotin-labeled HTLV-I DNA probe (Oncor, Gaithersburg, Md.) at 100 ng/ml (16) .
Hybridized sequences were detected by using the in situ hybridization detection system for biotinylated probes (Dakopatts, Carpinteria, Calif.). DNA was extracted from epithelial cells that had been exposed for 1 h to EDS lympho- cytes 2 months previously. Polymerase chain reaction (PCR) amplification was carried out by the method of Ausubel (2), using an oligonucleotide primer pair, SK43 and SK44, which amplified a 158-bp region of the tax gene of HTLV-I. The amplified products were analyzed by the Southern technique, using an 8.5-kb HTLV-I-specific DNA probe labeled with 32p (Oncor, Gaithersburg, Md.).
Scanning and transmission EM revealed that MT-2 lymphocytes in pure culture were round, with prominent surface ruffles and no obvious morphological polarity. Twenty minutes after coming into contact with the enterocyte epithelium, lymphocytes were found adhering to the epithelium. Most MT-2 lymphocytes became elongated and pear shaped; the ruffles shifted to the cell surface away from the epithelium (Fig. 1) .
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The most striking aspect of this lymphocyte-to-epithelial cell interaction was that by 1 h after coculture numerous virions were associated with the region of the lymphocyte membrane adjacent to the epithelium and in the small spaces between the two cells ( Fig. 2 and 3) . This was true for almost every lymphocyte that adhered to the epithelium. Only rarely were viruses found on the surface of the lymphocyte distal to the enterocyte. Microvilli of the epithelial cells and lymphocytes were frequently interdigitated, with the tips touching the surface of the adherent partner cell (Fig. 1 to 3) .
Although no signs of viral uptake by coated pits or smooth vesicles were observed, evidence of uptake by direct fusion was seen on enterocytes in the form of protrusions displaying electron-dense material on the inside of the plasmalemma (Fig. 4) .
Postembedding immunogold labeling of sections cut perpendicular to the substrate surface was employed to establish that the elevations of the plasmalemma of the enterocytes were remnants of fusion. As in the Epon-embedded cells described above, virions were observed in association with the portion of the lymphocyte adjacent to the enterocyte. The virions were heavily labeled with HTLV-I core protein-specific antibody, whereas relatively little label occurred over the lymphocyte cytoplasm; no background label was seen over the plastic (Fig. 5 and 6 ). Examination of the surface of the enterocyte revealed gold labeling in the cytoplasm immediately below elevations of the enterocyte plasmalemma ( Fig. 7a and b) , as would be expected if these were remnants of viral fusion.
In situ hybridization was carried out on I407 epithelial cells which had been cultured for 2 months after incubation with EDS cells. No lymphocytes were present, as verified with antibodies to lymphocyte-specific markers. Control (uninfected) I407 cells and MOLT-4 lymphocytes were consistently negative, and infected 1407 cells and EDS lymphocytes were consistently positive. In the infected 1407 cells, we observed some heavily stained cells as well as some lightly stained cells (Fig. 8) .
HTLV-I DNA sequences of about 158 bp were identified in the epithelial cells exposed to infected lymphocytes by Southern blot hybridization (Fig. 9) . To confirm these results, dot blot hybridizations were performed with serially diluted amplified DNA samples. Results were similar to those obtained with the Southern technique (Fig. 10) .
In a number of ways, this in vitro system may represent an appropriate model for HTLV-I transmission via breast milk. Infection in vitro is more easily facilitated with HTLV-Iinfected cells than with cell-free virus (9, 15, 20) . Not only have lymphocytes been demonstrated in breast milk (10, 12) , but the stomachs of newborns may not be hostile to lymphocytes because the pH is higher than in the stomachs of adults. Oral transmission of HTLV-I via lymphocytes has been demonstrated in animals (7, 11, 18, 21) . The rapid attachment and shedding of HTLV-I adjacent to the intestinal epithelium would theoretically position virions adjacent to the epithelium, where they might be able to fuse rapidly with the epithelium and escape antibodies present in the surrounding milk. The spread of virus in the body would continue if epithelial cells were capable of budding new virus from the basolateral surface. Although this remains to be demonstrated for HTLV-I, Owens et al. (13) and Fantini et al. (6) have shown that in in vitro bicameral systems human immunodeficiency virus production occurs from the basolateral surfaces of CD4-transfected monkey kidney and human colon epithelial cells. Thus, considerable evidence supports the possibility that the initial step in HTLV-I transmission could be lymphocyte-facilitated infection of the gut epithelium.
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